Introduction {#sec1_1}
============

Bartter\'s syndrome (BS) is a rare and heterogeneous group of tubulopathies with recessive and dominant autosomal inheritance, due to impairment of sodium and chloride resorption in the thick ascending limb of Henle\'s loop \[[@B1]\]. These tubular alterations frequently lead to polyuria, polydipsia, failure to thrive, water and electrolyte imbalance, and nephrocalcinosis \[[@B2],[@B3]\]. In Brazil, the diagnosis of BS is frequently late and, for this reason, patients are inadequately managed \[[@B4]\]. Therefore, the Pediatric Nephrology Unit at Federal University of Minas Gerais has a specialized outpatient clinic to diagnose and follow up patients with renal tubular disorders. A multidisciplinary team including pediatric nephrologists, nutritionists, psychologists and dentists evaluates all patients with confirmed tubulopathies.

The dental evaluation of our BS patients detected 2 cases with typical features of amelogenesis imperfecta (AI). AI is usually the result of many inherited defects of enamel formation that impair quantity and quality of enamel \[[@B5]\]. It might affect all or some teeth in the deciduous and/or permanent dentition. AI has been reported as an isolated or syndromic finding with an autosomal dominant, autosomal recessive or X-linked inheritance \[[@B6]\]. Many genes have been associated with isolated AI, such as genes of amelogenin, enamelin, enamelysin, KLK4, WDR72, FAM83H and FAM20 \[[@B6],[@B7],[@B8]\]. AI as part of a syndrome was already identified in cases of amelo-onycho-hypohidrotic syndrome, Kohlschutter syndrome, oculo-dento-osseous dysplasia, and epidermolysis bullosa hereditaria, among others \[[@B9],[@B10]\]. The rare syndrome associating AI and nephrocalcinosis, also called enamel-renal syndrome, was first reported by MacGibbon in 1972 and, since then, another 10 reports in the literature were found \[[@B9]\]. Nephrocalcinosis is the result of calcium salts precipitation in renal tissue, found in cases with hypercalcemia and/or hypercalciuria such as renal tubular acidosis, BS, medullary sponge kidney, and hyperoxaluria \[[@B4]\]. No previous study reported the occurrence of defects in enamel formation in patients with BS. Therefore, the purpose of this study was to report 2 unrelated cases of BS showing typical features of AI.

Methods and Case Reports {#sec1_2}
========================

Eight patients with confirmed BS were diagnosed between 1996 and 2010 and followed up at the Pediatric Nephrology Unity at Federal University of Minas Gerais, Brazil. All patients were submitted to a systematic protocol including clinical and nutritional evaluation, laboratory measurements, renal ultrasonography, genetic analysis, and oral examination. From patients' records, we collected the following data: age, gender, information on perinatal period (such as polyhydramnios, prematurity, and low birth weight), and presence of nephrocalcinosis. Parental consanguinity and/or a history of similar cases in the family were also verified. Informed consent was obtained from the parents or the legal guardians of the children, and this study was approved by the local ethics committee.

Results {#sec1_3}
=======

Among 8 patients with BS, 4 were females and the mean age at diagnosis was 5 years and 7 months (ranging from 2 months to 10 years). There was no history of exposure to known teratogenic agents nor was there a history of maternal diseases. Nephrocalcinosis was found in 6 patients by renal ultrasonography (75%) and polyhydramnios was reported in 5 patients (62.5%; table [1](#T1){ref-type="table"}). Typical features of AI were found in 2 females (25%) with a mixed dentition and associated nephrocalcinosis. The following is a brief clinical description of these 2 BS patients focusing on defects in enamel formation.

Patient 1 {#sec2_1}
---------

Because of the index case (patient 2) and the consanguinity of the parents, we considered the possibility of BS in the girl\'s older sister. She was born prematurely, after a polyhydramnios-complicated 34-week gestation, with low birth weight (2,235 g). During the first years of life, there were few symptoms. At the age of 3 years, she developed moderate polyuria and polydipsia, with mild failure to thrive. Laboratory work-up revealed hypochloremia (Cl^--^ = 96 mmol/l), metabolic alkalosis (HCO3^--^ = 28 mEq/l) with low normal serum potassium levels, urinary salt loss (fractional excretion of Na^+^ = 2%), hyperfiltration (GFR of 150 ml/min/1.73 m^2^), and high-to-normal urinary calcium levels (3.8 mg/kg/day). The plasma renin activity (2.2 ng Ang I/ml/h) and aldosterone (47 pg/ml) were increased. Renal ultrasound showed mild medullary nephrocalcinosis. As previously reported by our group, the genetic evaluation of this child confirmed the diagnosis of BS due to a homozygous mutation of the exon 5 of the *KCNJ1* gene resulting in a substitution of valine for alanine at the codon 214 (A214V) of the two strands of the child and a heterozygous mutation in the parents \[[@B11]\].

Oral cavity examination revealed yellowish teeth presenting rough surfaces, and conspicuous and irregular defects (fig. [1a](#F1){ref-type="fig"}). The enamel alterations were generalized, affecting teeth in both arches. The gingiva was normal, without signs of inflammation. The radiographic examination showed mixed teeth (fig. [1b](#F1){ref-type="fig"}). In various teeth, no differences in density between enamel and dentin were observed. Teeth were extracted because of the decay and examined by scanning electron microscopy (SEM). SEM examination revealed a thin enamel layer with normal structure, alternated by rough areas with severe porosity and irregularly shaped empty spaces, which pointed to the diagnosis of thin hypoplastic AI (fig. [1c](#F1){ref-type="fig"}).

Patient 5 {#sec2_2}
---------

This girl was adopted at the age of 2 years. For this reason, we have no data on the perinatal period. Since the age of 3 years, the adoptive mother reported moderate polyuria and polydipsia, with failure to thrive. No laboratory investigations were performed until the age of 7 years when the girl exhibited a convulsion due to water and electrolyte disturbances. Laboratory work-up revealed hypochloremia (Cl^--^ = 91 mmol/l), hyponatremia (Na^+^ = 132 mmol/l), metabolic alkalosis (HCO~3~^--^ = 28 mEq/l), severe hypokalemia (K^+^ = 1.7 mmol/l), urinary salt loss (fractional excretion of Na^+^ = 2.8 %), hyperfiltration (GFR of 220 ml/min/ 1.73 m^2^), and slight elevation of urinary calcium levels (4.6 mg/kg/day). The plasma renin activity (10.8 ng Ang I/ml/h) and aldosterone (38 pg/ml) were increased. Renal ultrasound showed mild medullary nephrocalcinosis.

The intraoral examination detected almost the same findings as in patient 1. Intraoral examination revealed yellowish teeth presenting rough surfaces, and conspicuous and irregular defects (fig. [1d](#F1){ref-type="fig"}). The radiographic examination showed mixed teeth. In various teeth, density of enamel and dentin was normal. Teeth were also extracted because of the decay and examined by SEM, which revealed a thin enamel layer with normal structure, alternated by rough areas with severe porosity and irregularly shaped empty spaces, which pointed to the diagnosis of thin hypoplastic AI (fig. [1e](#F1){ref-type="fig"}).

Discussion {#sec1_4}
==========

There are very few reports of dental alterations in patients with renal tubular disorders \[[@B12]\]. However, we hypothesized that alterations in mineral metabolism commonly found in renal tubular disorders might be associated with dental abnormalities. Dental enamel is the most mineralized tissue in the human body. Mature enamel contains \>95% mineral content, while its organic content is \<1% \[[@B13]\]. The initial secretion of the dentin matrix by odontoblasts is followed by the secretion of the enamel matrix by ameloblasts \[[@B14]\]. The enamel matrix is subsequently calcified and matured across the removal of remaining enamel matrix proteins and by the growth of the enamel crystallites. Alterations in any of these steps induce development of enamel defects \[[@B14]\] and some children do not show tooth eruption. Enamel malformation might result in dental enamel defects such as discoloration of teeth, thin and/or smooth tooth enamel, and easily damaged teeth, among others \[[@B5],[@B14]\]. The enamel alterations observed by the oral and electron microscopic examinations of the 2 girls with BS were compatible with hypoplastic AI. Since AI might involve social and psychological consequences such as poor oral hygiene, lower self-esteem, and impaired quality of life \[[@B15]\], early identification and treatment is important in order to avoid aesthetical and functional consequences of AI.

Genetic evaluation definitely confirmed the diagnosis of BS in patient 1 \[[@B11]\] and allows us to infer that typical AI features might occur in BS. BS in patient 1 was caused by a mutation at *KCNJ1* gene. So far, nephrocalcinosis in SB might be present in individuals with mutations of the *KCNJ1* and *SLC12A1* genes \[[@B16]\]. As a result of the mutation at *KCNJ1* gene, the calcification process is probably altered in our patient 1, leading to hypercalciuria and nephrocalcinosis. Since nephrocalcinosis is a common feature of BS \[[@B17]\] and the association between AI and nephrocalcinosis is also already established \[[@B9]\], we might speculate that AI features are related with nephrocalcinosis and altered biomineralization of the enamel. Both our patients diagnosed with AI had nephrocalcinosis and a long period of uncontrolled disorder, probably related to the severity of the disorder and/or length of time without adequate treatment. However, AI was not identified in the remaining 6 patients with BS, despite the presence of nephrocalcinosis in 4 of them. Since the development of nephrocalcinosis will depend upon tubular delivery of calcium to the interstitium, as well as prevailing local conditions, including pH, inhibitory proteins, and anion concentrations \[[@B18]\], the connection between BS and typical features of AI is far more complex than only being a direct result of nephrocalcinosis and/or hypercalciuria. Therefore, studies about the molecular mechanisms of calcium transport in renal tubules and dental tissues are obviously necessary to understand the pathways and/or alterations in calcium homeostasis that might link BS and defects in enamel formation.

In conclusion, we report the first 2 cases of typical AI features in patients with BS. Our patients with confirmed tubulopathies were routinely submitted to oral examination and the finding of AI features in 2 cases of BS suggests that dental alterations should be at least evaluated in these patients, especially in the presence of mutations at the *KCNJ1* or *SLC12A1* genes. Our findings might constitute preliminary evidence that abnormalities of the biomineralization process in patients with renal tubular disorders might also affect calcium deposition in dental tissues.
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![**A**Intraoral examination of patient 1 revealed yellowish teeth presenting rough surfaces, and conspicuous and irregular defects. The enamel alterations were generalized, affecting teeth in both arches. The gingiva was normal. B Panoramic radiographs showing mixed teeth. In some teeth, lack of contrast between enamel and dentin is noted. C SEM micrograph of a tooth affected by AI. Enamel ultrastructure revealed a thin irregular enamel layer with normal structure (arrow) alternated by rough areas with severe porosity and irregularly shaped empty spaces (arrowhead). D Intraoral examination of patient 5 revealed yellowish teeth presenting rough surfaces, and conspicuous and irregular defects. The gingiva was normal. E SEM micrograph of a tooth affected by AI. Enamel ultrastructure revealed a thin irregular enamel layer with normal structure (arrow) alternated by rough areas with severe porosity and irregularly shaped empty spaces (arrowhead).](nne-0002-0319-g01){#F1}

###### 

The main clinical findings of 8 patients with BS

  Clinical findings        Patient 1   Patient 2[^\*^](#T1F1){ref-type="table-fn"}   Patient 3   Patient 4   Patient 5   Patient 6   Patient 7   Patient 8
  ------------------------ ----------- --------------------------------------------- ----------- ----------- ----------- ----------- ----------- -----------
  Age, years               10          5                                             11          16          7           4           15          9
  Dentition                mixed       mixed                                         permanent   permanent   mixed       deciduous   permanent   mixed
  AI                       \+          --                                            --          --          \+          --          --          --
  Nephrocalcinosis         \+          \+                                            --          \+          \+          \+          \+          --
  Parents' consanguinity   \+          \+                                            --          \+          unknown     --          \+          --
  Polyhydramnios           \+          \+                                            --          \+          unknown     \+          \+          --
  Gender                   female      female                                        male        male        female      male        male        female

\+ = Presence; -- = absence.

Sister of patient 1 \[[@B9]\].
